Abstract-Aiming at solving the problem that the moving route is complicated and the scheduling is difficult in the routing buffer of the bus in the manufacturing workshop, a routing buffer mathematical programming model for bus manufacturing workshop is proposed. We design a moving approach for minimizing the total setup cost for moving in routing buffer. The framework and the solution ofthe optimization problem of such a bus manufacturing workshop scheduling with routing buffer are presented. The evaluation results show that, comparing with the irregularly guided moving method, the proposed method can better guide the bus movement in routing buffer by reducing the total setup time of all buses processed at the next stage, and obtaining a better scheduling optimization solution with minimize maximum total completion time.
INTRODUCTION
With the features of multiple stages and parallel workstations, the painting production workshop of bus manufacturer isa typicalkind offlexible flowshop, whose scheduling problem has thetypical characteristics of flexible flowshop scheduling problem (FFSP) (Moslehiand Khorasanian, 2013) , which is a typical NP-Hard problem. In recent years, there exist efficient heuristic methods for the classical FFSP (Han et al., 2012; Sun et al., 2017) , FFSP with component altering times (Han et al., 2016) , FFSP with multiple-objective optimization (Han et al., 2017) , FFSP with Re-entrant problem and FFSP considering finite buffers . In practice, the bus has a long production cycle, which requires a large number of buffer parking spaces to temporarily park the to-be-processedbuses. Because bus isa large-volume work-in-process, only a buffer with limited parking spaces can be installed on the productionline of bus. Therefore, the scheduling problem of bus manufacturing workshop belongs to the category of flexible flow shop limited buffer scheduling problem (Almederand Hartl, 2013) . Different from the traditional flexible flow shop, there is a special limited buffer called routing buffer between two specific stages in the bus manufacturing workshop. Compared to the ordinary buffer and sequence buffer, the routing buffer not only has the parallel lanes for the to-be-processedbuses to move forward, but also provides electric flat carriages between parallel lanes.As a result, the bus can be moved forward in the lane,or moved in parallel between parallel lanes (Aref et al., 2012) ,which will lead to a more complicated movement for the bus in routing buffer. And due to the influence of routing buffer capacity, the bigger the capacity is, the greater the complexity of bus movement. It is necessary to consider the problem of buffer lane capacityand the optimization of bus movement in routing buffer, which further increases the difficulty of research problems.
The bus manufacturers adopt customized production method. There are a wide variety of models in production orders put into production every day. Customized production method brings differences in the processing time and process flow of the buses (Liu et al.,2008) .At the two stages before and after routing buffer, processing time of diverse models is also different. Meanwhile, due to the limitation of workshop production resources, when a bus enters a workstation, it usually needs to implement setup operation whichis the preparationof the workstation for processing the next bus after it completes a bus processing, such as replacing the parts to be assembled, changing the color materials for spraying, exchanging the cutting and grinding tools, or cleaning and resetting the workstations during the processing gap. Therefore, the setup operation will result in a setup time in addition to the processing time of the workstation (Wang et al., 2010; Hakimzadeh and Zandieh, 2012) . The setup time of the workstation will be affected by variousproperties such as the type, color, and shape of the processed object (semiconductor packaging line, automobile manufacturing and metallurgy industry) Li et al., 2014) ,and also influenced by the material used in production and processing (semiconductor packaging line, assembly line of mechanical manufacturing, pharmaceutical industry, and tobacco industry) (Takano et al., 2017; Zhang et al., 2017) . The replacement of cutting tools and molds for equipment will also add a setup time besides the standard processing time. Frequent setup operation will extend the bus production time, limiting company's existing production capacity (Thürer et al., 2013; Ding et al., 2016) .
Reducing the impact of setup operation has a great effect on shortening the completion time of bus production. Solving the bushow to move more efficiently in routing buffer plays an important role in settling flexible flow shop scheduling problem and improving company's production benefit. As such, the research on scheduling problem of bus manufacturing workshop has important theoretical significance and application value. For the complex movementof to-be-processed bus in routing buffer and the setup operation of different buses at the next stage of routing buffer, this paper proposes the routing rules scheduling method with the minimum total setup cost Davendra et al.,2013) .By calculating the sumof setup cost of each moving path, this scheduling method establishes the routing rules to control the bus movement in routing buffer,so as to obtain the minimum total setup cost. Thus, it canguide the bus to move in routing buffer with the minimum setup cost,reduce the impact of setup operation, andsolve the scheduling problem that the bus movement in routing buffer of the manufacturing workshop is complex 
II. MATHEMATICAL MODEL OF ROUTING BUFFER PROBLEM

A. Problem Description
The scheduling problem studied in this paper can be described as follows: As shown in Figure 1 , a queue with S busesis prepared to be processedat two stages before and after the routing buffer. At least one of these stagesincludes severalworkstations, and the busneeds to select a workstation for processing at each stage (El-Bouriand Nairy, 2011; Deng et al., 2016) . There is a routing buffer with limited capacity between these two stages. After the to-be-processed bus enters the routing buffer after completing the previous stage, it will wait for entering the next stage. If the buffer is full, and there is no availableworkstation at the next stage, the to-be-processed buswill be stuck on the current stage workstation (Tasgetirenet al., 2015; Abdollahpourand Rezaeian, 2015) . At this time, the workstation is blocked and it is impossible to process other buses.if the buffer has available space,the workstationwill be releasedand the bus will enter the buffer.The bus, passing through two stages before and after the routing buffer,adopts the first-in-first-out rule and continues to enter the follow-up stage for processing until the entire task is completed.The routing buffer consists of several parallel lanes with limited capacity. And the parking spaces in the parallel lanes can store the buses that are processed at previous stage and ready for the next stage. The electric flat carriages arranged between parallel lanescan transfer the to-be-processed bus from one buffer lane to anotheradjacent lane, so as to make the bus move between the lanes. In the buffer,the bus can choose to be moved forward in the lane, or moved in parallel between the lanes. It shows that the movingway has the characteristics of routing. The multiple lanes in the buffer and electric flat carriagesbetween the lanes constitute a routing network,where the bus movement is a process to select the path. When the bus is moved forward or movedin parallelin buffer lane, it will vacate its buffer parking space in the original buffer lane, so that other buses can enter this available space. Whenever a busis moved, the parking space of the bus in the buffer will be vacated,triggering the linkage of multiple buses. S indicates the total numberof buses to be processed. 
,and TWSfinal indicates the completion time of all buses processed at the last stage.
C. 2.3 Constraints
(1) Uninterruptible constraint: Each bus cannot be interrupted once it starts processing on the equipment until the bus is completed.
(2) Equipment uniqueness constraint: Each parallel workstation can only process one bus at the same time (3) Equipment availability constraint: Allow waiting between stages, and permitworkstation to be idle when the to-be-processedbus is not arriving. Equation (4) indicates that the completion time of the processing task is equal to the processing completion time of the last busat the last stage.
III. ALGORITHM PROCESS
The setup cost refers to the cost relationship between the parking space and its adjacent parking space in routing buffer, which means that if two buses on two adjacent parking spaces are processed at the same workstation, theirsetup time will be the same.It shows the degree of similarity in processing requirements between two buses, the more similar the processing requirements, the less setup time for them to be processed at the same workstation, and the smaller the setup cost between the parking spaces. The setup cost is:
The setup cost between two adjacent parking spaces is dynamically changing, with the changes in the processing requirements of buses stored on it.The total setup cost refers to the sum of setup costs of all to-be-processed buses and their adjacent to-be-processed buses in the buffer after the completion of a bus linkage process:
The moving way of the busin routing buffer is proposed in accordance with the complex moving path of the bus in routing buffer and two stages before and after routing bufferwithsetup operation.That is, when the bus in the buffer leaves the current parking space to be processed,it will trigger the linkage of the bus in the buffer. Bycalculating the total setup cost of all possible linkage processes, we find and choose the moving path with the minimumtotal setup cost, so as to construct the moving way of the bus in routing buffer with the minimum total setup cost, which can reduce the setup time and frequencyof the busat the next stage. Thismoving way of the busin routing buffer can guide the bus in routing buffer to move with the minimum setup cost during the entire process.As such, the scheduling scheme for bus manufacturing workshop with routing buffer is given, to make the bus with similar processing requirements processed at the same workstation, improve processing efficiency,and develop company's existing production capacityand its benefit. Specific steps are as follows:
Step 1: Establish the initial population,generating an online individual Step 3.
Step4: Calculate the total setup cost _ TSum BJ of the to-be-processed bus in the buffer after a move.
Step5: Determine whether all linkage situations are completed. If not, repeat Step3. If so, compare the total setup costs of all linkage situations to obtain the minimum value.
Step6: Transfer the to-be-processed bus in routing bufferwith the minimum total setup cost to complete the movement process.
Step7: Determine whether the processing task is completed. If so, it will end. If not, repeat Step2.
The flow chart is as follows: Figure . 2.Flow chart of setup cost rules
IV. EXPERIMENTAL AND SIMULATION
A. Establishing Simulation Data
(1) Workshop model parameters Scheduling simulation data includes four stages, namely, .During the production process in paintingworkshop,if the model and color properties of two successively-processedbusestake changes, it needs to clean the workstation and adjust its production equipment. As a result,the simulation process employs the changes in bus model and color properties as the basis for calculating the preparation time. From Table 1 , it shows the preparation time parameters when the model and colorof the buses processed successively on workstation take changes. 
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(2) Parameters of Processed Object The simulation data comes from the actual production data of a bus company. 
B. Simulation Scheme
The moving way of the busin routing buffer based on total setup cost as evaluation index is compared with buffer movement scheme without optimization, and the total setup time 
C. Simulation Results and Analysis
The moving way of the bus in routing buffer based on total setup cost as evaluation index is implemented by the MATLAB2012b simulation software, which isrunning on the Windows 10 operating system, Core i7 processor, CPU2.20GHz, and the PC with 8GB memory.
(1) Evaluation index of scheduling results From Table 6 and Table 7 , it can be concluded that the average total setup time for routing buffer's next stages respectively.The average total setup time at this stage is reduced by 16.9, with28.8%optimization ratio, while the completion time at this stageis reduced by 15.4, with4.0%optimization ratio. The completion time for processing the task is reduced by 8.7, with2.0%optimization ratio. It can be seen that the moving way of the busin routing buffer based on total setup cost as evaluation indexcan better guide the bus to move in routing buffer, whichcan reduce the total setup time of all buses processed at the next stage, and also decreasethe completion time of to-be-processed buses at routing buffer's nextstage and the minimum and maximum total completion time in the global scheduling process.
(2) Gantt graph analysis of movement process and scheduling results in routing buffer Figure 3 (a) shows the distribution of to-be-processed buses in routing buffer at a moment. Figure 3 (b) shows the result of bus movement guided bythe moving way of the busin routing buffer based on total setup cost as evaluation index. Figure 3 (c) shows the result of the movement without using any method.It can be seen from the figure that at this moment, the buses in buffer trigger the linkage because of the on-line processing of the bus on parking space 1, 3 B .The linkage operation of Figure 3 By adopting Scheme 1 and Scheme 2, the scheduling results of Gantt graphs are shown in Figure 4 (a) and Figure  4 (b) respectively. The abscissa is the time axis, while the ordinate indicates the workstation for each stage. The black part indicates the situation of the bus processed at the workstation without setup operation, while the red part denotes the situation of the bus processed at the workstation with setup operation; the green part represents the movement of the to-be-processed bus in routing buffer. It can be seen from the figure that the stage with setup rules in this simulation is the second stage. After the processing at the first stage, the to-be-processed bus enters the buffer, taking a movement according to two schemes' rules and then entering the next stage for on-line processing. The green part in the Gantt graph is the movement of the bus in the buffer with time changes. In the Gantt, the gap in processing time represents the setup time between two buses successively processed at this workstation. It can be seen from Figure 4 (a) that the setup frequency at routing buffer's next stage using scheme 1 is 6 times, the average value of setuptime is 34, the completion time at this stage is 354, and the completion time for this task is 400. From  Figure 4 (b),it can be concluded that the setup frequency at routing buffer's next stage using scheme2 is 8 times, the average value of setuptime is78, the completion time at this stage is 397, and the completion time for this processing task is 440. Therefore, the moving way of the bus in routing buffer based on total setup cost as evaluation index can better guide the bus to move in routing buffer, which can reduce the total setup time of all buses processed at the next stage, and also decrease the minimum and maximum total completion time in the global scheduling process. In this paper, we study a complexbus manufacturing workshop scheduling problem with routing buffer and setup operation. Because the routing buffer has multiple parallel lanes and there are electric flat carriages between the lanes, both of them make the bus movement in the buffer become very complicated, which has the characteristics of routing. According to the complex movement of to-be-processed bus in routing buffer and the setup operation at the next stage, this article proposes a moving way of the bus in routing buffer based on total setup cost as evaluation index,to guide the bus to move in routing buffer with the minimum total setup cost.As such, a scheduling scheme for bus manufacturing workshop with routing buffer is given, so as to solve the scheduling problem that the bus movement in routing buffer of the manufacturing workshop is complex and difficult to find the optimal way.Through comparing the moving way of the bus in routing buffer based on total setup cost as evaluation index with buffer movement scheme without optimization, it can be concluded that the moving way of the bus in routing buffer based on total setup cost as evaluation index can better guide the bus to move in routing buffer, which can reduce the total setup time of all buses processed at the next stage, and also decrease the minimum and maximum total completion time in the global scheduling process.
